We estimate a non-parametrical Capital Asset Pricing Model (CAPM) and find strong evidence rejecting the classical linear CAPM. Furthermore, we find inconsistent linear betas for a series of stocks in the Colombian stock exchange (BVC), supporting the hypothesis of a better and consistent fitting of non-parametrical versions of the CAPM.
Introduction
The linear one-factor Capital Asset Pricing Model (CAPM) proposed by Sharpe (1964) is the most widely used equilibrium model by financial practitioners. However, there are many studies questioning its validity (see, for instance, Banz (1981) , Basu (1983) , and Fama and French (1995) ). Different alternatives have been proposed in the literature to overcome the shortages of the linear one-factor CAPM 2 . These alternatives include multifactor extensions such as Merton's ICAPM (1973) , Ross' APT (1976) 
or Fama and
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2 For more on the shortages of the CAPM see Erdős et al. (2011) French's three-factor-model (1996) , models that allow for time-variation in the market risk or in the betas (see, for instance, Chen (1991) , Ferson and Harvey (1991) , and Jagannathan and Wang (1996) ), and nonlinear asset pricing models such as the threshold CAPM proposed by Akdeniz et al. (2002) . Following a recent study by Erdős et al. (2011) , we propose and estimate a non-parametric one-factor asset pricing model using information on all the stocks listed in the Colombian stock exchange (BVC) between 2002 and 2011. Using our model, we estimate parametric and non-parametric characteristic lines (CL) for every stock listed at the BVC and test whether or not the assumptions of linearity and stability of the betas are adequate for the data. We find evidence favorable to rejecting these assumptions in almost all of the cases at the 10% significance level. We show that when linearity of the CL does not hold the estimated linear betas are inconsistent. We estimate the betas semi-parametrically providing mean average square error optimal estimates. We show that these estimates, calculated as the average slope coefficient of the non-parametric CLs, are not constant when extreme market movements occur. Our non-parametric asset pricing model outperforms the linear one-factor CAPM as the estimated R 2 is significantly higher for all the stocks in our database.
Finally, we estimate the security market line (SML) for the returns of the firms listed in the Colombian BVC returns by regressing the expected asset return on its market risk approximated by the estimated semi-parametric betas. While the linearity of the stocks SMLs cannot be rejected at standard significance levels, the slope of the SMLs is negative under both linear and non-linear estimations 3 . This suggests there might be a small company effect, as proposed by Banz (1981) and Basu (1983) , among others. Unfortunately, given that the BVC is a relatively small stock market in which only large Colombian firms participate, in this study we are not able to identify significant size-effects in order to estimate a non-parametric extension of Fama and French's three-factor-model (1996) .
Methodology
For the estimation of the non-parametric CAPM we use local polynomial kernel regression. Given the differentiability ,the estimation of the derivative is straightforward. Minimizing:
Where Y i represents the excess return of stock i 4 , X i stands for the excess return of the stock market 5 , and β(χ) is the unknown vector of parameters we wish to estimate. Härdle et al. (2004) this can be solved by weighted least squares regression:β
For this type of regression the using a polynomial of odd-order is more convinient than using one of even-order (Fan and Gijbels, 1996) . For local linear regressions we use p=1.
The weighting matrix is defined by the Nadaraya-Watson weighting matrix W Hi (χ):
The appropiate bandwidth is estimated by a rule of thumb, which minimizes the average squared error (ASE) by cross-validation, wherem(X i ) is the estimation of the local polynomial kernel regression at point X i , and m(X i ) is the true value of the function:
As shown by Härdle et al. (2004) the selection of the kernel is secondary. For the estimation of the derivatives it is convenient to have differentiable a differentiable kernel. Therefore we use a Gaussian kernel.
4 The excess return of stock i is calculated as the difference between the return of stock i and the risk-free interest rate 5 The excess return of the stock market is calculated as the difference between the average stock market return and the risk-free interest rate.
For a measure of goodness of fit we use the classical definition of Rsquared:
} In order to test the hypothesis of validity of the linear CAPM we use the following statistic:
Where:mθ
Which is simply the sum of the distance between the non-parametric estimator and the linear one . Because the rate of convergence of the linear and non-parametric estimator is different, we use the correction proposed by Härdle and Mammen (1993) which consist in the addition of an artificial bias to the linear estimation. For the estimation of τ 's confidence intervals we use the wild bootstrapping approach proposed by Wu and Jeff (1986) .
Finally, for the estimation of the betas we use the following formula, which is simply the average of the derivative estimation, as shown by Blundell and Duncan (1991) 
The derivative estimation is simply the local polynomial regression of degree p=1 solved by weighted least squares.
Data
We collect daily data on the return of all the stock in the BVC for the 10-year period between 2002 and 2011. As a proxy of the market return we use the COLCAP ndex which measures capitalization weighted and adjusted using the stocks dividend. For the estimation of the risk-free rate we compute the sum of the return of the US one-month Treasury bill and the Colombian five-year credit default swap. All data was collected from Bloomberg.
Results and Discussion
In this study we estimate parametric and non-parametric CLs for every stock of the BVC (Figure 1 illustrates an example for one stock listed in the BVC), and test whether or not the assumption of linearity holds, using the test statistic proposed in Equation (7). We find evidence for the rejection of linearity in almost every stock. The null hipothesys of equality of the linear and non-parametric estimators can be rejected at the 10% significance level for all but seven stocks (see the fourth column labeled "NL(p-value)" in Table1). This finding provides evidence favoring the hypothesis that the linear especification of the CAPM is not adequate in this context, as linear betas are biased and inconsisted estimators of the true betas. The sign of the bibasof the linear estimators is not clear however, being positive for some stocks and for negative for others (compareβ Kernel withβ Linear in Table1).
There are significant gains in explanatory power and fit of using a nonlinear CAPM. Notice in Table1 that the gain les between one and four percentage points. Expected returns presented in the third columna of Table1. were estimated using an E-GARCH, which allows for uneven tails in the distribution of the error terms.
Finally, we estimate the security market line (SML) for the returns of the firms listed in the Colombian BVC returns by regressing the expected asset return on its market risk approximated by the estimated semi-parametric betas (see Figure 2) . While the linearity of the stocks SMLs cannot be rejected at standard significance levels, the slope of the SMLs is negative under both linear and non-linear estimations. This suggests there might be a small company effect. However, given that the BVC is a relatively small stock market in which only large Colombian firms participate, in this study we are not able to identify significant size-effects Basu, S., 1983. The relationship between earnings yield, market value and
